Résumé. 2014 Abstract. 2014 The thermal behaviour of a series of side-chain liquid crystalline poly(methacrylates) has been investigated by thermogravimetry, differential scanning calorimetry, polarizing optical microscopy, and dilatometry. The DSC study has shown that long times are required to reach equilibrium even at temperatures above the glass transition. The thermotropic polymorphism has been determined as a function of the length of the flexible spacer. Glass transitions in the mesomorphic state have been discussed. Dilatometry has shown that, for the « glassy » mesomorphic phases, the partial specific volume of the flexible spacer is close to that corresponding to the crystalline state ; that, for the normal liquid crystalline phases, it is intermediate between those corresponding to the crystal and the isotropic liquid ; and that, for the isotropic polymer, it is close to that of a liquid.
Thermal properties of a series of side-chain liquid crystalline poly(methacrylates) R. Duran Abstract. 2014 The thermal behaviour of a series of side-chain liquid crystalline poly(methacrylates) has been investigated by thermogravimetry, differential scanning calorimetry, polarizing optical microscopy, and dilatometry. The DSC study has shown that long times are required to reach equilibrium even at temperatures above the glass transition. The thermotropic polymorphism has been determined as a function of the length of the flexible spacer. Glass transitions in the mesomorphic state have been discussed. Dilatometry has shown that, for the « glassy » mesomorphic phases, the partial specific volume of the flexible spacer is close to that corresponding to the crystalline state ; that, for the normal liquid crystalline phases, it is intermediate between those corresponding to the crystal and the isotropic liquid ; and that, for the isotropic polymer, it is close to that of a liquid.
J. Phys. France 49 (1988) In a series of recent papers, the chemical synthesis [1] , physico-chemical characterization [2] , and preliminary structural studies [3] [4] [5] The experimental data on the PM-n and PM-m-EO polymers will be compared, first, to those [7] concerning a low-molecular-weight mesogenic series, abbreviated as MC-n, and used as model compounds for the PM-n monomers :
and second, to those already published in the literature [8, 9] Side-chain liquid crystalline polymers have been described as presenting first-order transitions between mesophases and the isotropic melt, and also glass transitions frequently occurring in the temperature range of the mesomorphic phases [12] . To detect these, DSC measurements were carried out systematically on all of the PM-n and PM-m-EO polymers, and on the MC-n model compounds, from below room temperature to generally at least thirty degrees above the clearing temperature. Two points were investigated in this work. First, the thermodynamic transitions, their enthalpies, and their reversibility were studied for each sample. Second, the glass transitions and thermal history effects were analysed for the polymers. In the particular case of the PM-0 polymers, where degradation begins slightly above the clearing temperature, care was taken to avoid subjecting the samples to high temperatures over long periods of time.
A typical DSC heating and cooling scan for the PM-2 polymer is shown in figure 1 . The first-order transition observed corresponds to the transition from a smectic E liquid crystalline phase, whose structure was previously studied by X-ray diffraction [4] [13, 7] ) and significantly less than the MC-0 model compound, which transforms directly from the crystal to the isotropic liquid [7] . [9] . (B) Data from reference [8] .
DSC also proved useful for studying the special case of the « glass transition » reported in the literature for PM-1 [15] . Some selected scans obtained in this work are shown in figure 3 (Fig. 5) clearly indicated the presence of an ordered smectic phase. X-ray studies [4] confirmed the existence of a smectic E phase. The optical study of the PM-0 polymer, which presented three first-order transitions by DSC, was more complicated to perform. The polymer referenced RP33 (see Tab. I) had the highest molecular weight between the two PM-0 polymers considered in the present work. On cooling from the melt, this polymer showed birefringent droplets which further developed into a typical schlieren texture with twoand four-brush point singularities. This texture is typical of a nematic phase. The structure, however, corresponds to the stacking of « palissades » of ribbons [5] , and the relationship between the texture observed and the structure established is discussed elsewhere [14] .
At lower temperatures, the textures changed very slowly, but not in an informative way. The polymer referenced RP38 (see Tab. I) had a substantially lower molecular weight and lower transition temperatures (see Tab. III), but gave the same order of phases as RP33, as shown by X-ray diffraction [14] . It was much easier to study with optical microscopy, owing to its lower viscosity and hence to characteristic textures which developed more quickly. On cooling at a rate lower than 1 K min-1 , this polymer also showed birefringent droplets which again developed into a typical schlieren texture (Fig. 6a) . Then, on further cooling, a gradual change of texture occurred over a rather wide temperature range, leading to the formation of a fan texture at about 185 °C (Fig. 6b, c, d ). This texture corresponds to a smectic A phase as confirmed by X-ray diffraction [14] . Finally, at much lower temperatures, below the transition at 124 °C detected by DSC, the textures did not show any significant change.
As for the PM-1 polymer, its behaviour under the microscope was very similar to what was seen for the PM-0 polymer referenced RP33 described above. On cooling below the melting temperature at 138 °C, and annealing for a long time, a schlieren texture was developed which did not change on further cooling.
The transition temperatures observed by microscopy for the PM-n polymers, reported in table V, are in agreement with those measured by DSC. 6 . Dilatometry.
Dilatometry was performed on the PM-1, PM-2, PM-3, and PM-4 polymers. Due to the thermal stability problems pointed out in the thermal gravimetry section above, degassing of the PM-0 polymer turned out to be impractical, thus prevent- figure 7 . This shows the excellent agreement of the specific volumes measured on heating and cooling (though occasionally on cooling, the volume decreased stepwise due to the sticking of the polymer on the vessel walls). Figure 7 also shows the supercooling effect seen above by DSC for the transition from the liquid crystal to the isotropic melt. Following the criteria generally used in polymer science, the change in slope at 49 °C indicates a glass transition [12] . It [19] and for the cubic thermal expansion coefficients (dv /dT == 1.5 x 10-4 and 6.9 x 10-4 CM3 g-1 K-1 1 for the crystal and liquid respectively) [20] . It With soaps [21] and low-molecular-weight rodlike organic mesogens [22] 
